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FIG. 4

ROBOT ID PRIORITY
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COMMUNICATION CONTROL METHOD,
COMMUNICATION CONTROLLER,
TELEPRESENCE ROBOT, AND RECORDING
MEDIUM STORING PROGRAM

BACKGROUND

1. Technical Field

The present disclosure relates to a communication system
including one master terminal, and a plurality of slave
terminals communicatively connected to the master terminal
by a basic network representing a one-to-many connection,
and a communication controller that controls communica-
tion between the master terminal and the plurality of slave
terminals.

2. Description of the Related Art

In a one-to-many connection network with one terminal
acting as a master and the remaining terminals as slaves, if
the master terminal leaves the network due to dead battery
or other reasons, a new master terminal 1s determined from
among the slave terminals.

For example, Japanese Unexamined Patent Application
Publication No. 2002-111689 discloses a communication
system 1n which one of a plurality of communication devices
equipped with a Bluetooth (registered trademark) commu-
nication unit acts as a master, and the remaining communi-
cation devices act as slaves to perform one-to-many com-
munication. According to Japanese Unexamined Patent
Application Publication No. 2002-111689, the master deter-
mines 1 advance, for each of a plurality of slaves, a priority
in being selected as a master, based on information about the
communication quality of each slave. Further, according to
Japanese Unexamined Patent Application Publication No.
2002-111689, 1n situations where the master 1s no longer
able to play the role of the master, such as when the master
leaves the network operation area, one master 1s determined
from among the plurality of slaves in accordance with the
priority determined 1n advance.

Japanese Unexamined Patent Application Publication No.
2001-1361777 discloses the following technique. That 1s, for
a communication network in which a master terminal: 10
and slave terminals: 11, 12, and 13 perform one-to-many
communication, if the master terminal leaves the network
due to dead battery or other reasons, a master 1s determined
from among the slave terminals: 11, 12, and 13. Specifically,
according to Japanese Unexamined Patent Application Pub-
lication No. 2001-136177, the master terminal: 10 and the
slave terminals: 11, 12, and 13 sequentially transmait packets
in this order, and when the master terminal: 10 leaves the
network, the slave terminal: 11, which 1s given the next
highest transmission priority after the master terminal: 10,
becomes a master terminal.

SUMMARY

In one general aspect, the techniques disclosed here
feature a communication control method of a communica-
tion controller that controls communication between one
master terminal and n (n 1s an integer not less than 2) slave
terminals communicatively connected to the master terminal
by a basic network representing a one-to-many connection,
the communication control method including detecting
whether the master terminal, and m (m 1s an integer not less
than 1 and not more than n-1) slave terminals among the n
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2

slave terminals are 1n a conversation state, and 1n response
to detecting that the master terminal and the m slave
terminals are in the conversation state, disconnecting the
master terminal and the m slave terminals from the basic
network, and forming a first sub-network, the first sub-
network including the master terminal as a master and each
of the m slave terminals as a slave.

According to the present disclosure, 1f a conversation 1s
initiated between specific users on a basic network repre-
senting a one-to-many connection, the network can be
configured such that only the users who have mitiated the
conversation are able to converse with each other.

It should be noted that general or specific embodiments
may be implemented as a system, a method, an integrated
circuit, a computer program, a storage medium, or any
selective combination thereof.

Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be 1ndi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided 1n order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 conceptually illustrates an exemplary future office
environment;

FIG. 2 1llustrates an exemplary overall configuration of a
communication system according to Embodiment 1 of the
present disclosure;

FIG. 3 15 a block diagram illustrating a detailed configu-
ration of the communication system illustrated in FIG. 2;

FIG. 4 illustrates an exemplary data structure of a priority

management DB
FIG. 5 illustrates an exemplary data structure of a con-

nection state management DB;

FIG. 6 illustrates a mode of control that forms the basis of
the commumnication system according to Embodiment 1 of
the present disclosure;

FIG. 7 illustrates an overview of a process performed by
the communication system according to Embodiment 1 of
the present disclosure;

FIG. 8 1s a sequence diagram illustrating an exemplary
process performed in forming a basic network 1n the com-
munication system according to Embodiment 1 of the pres-
ent disclosure:

FIG. 9 1s a sequence diagram illustrating an exemplary
process performed in response to detection of a conversation
state 1n the communication system according to Embodi-
ment 1 of the present disclosure;

FIG. 10 1s a sequence diagram 1llustrating another exem-
plary process performed in response to detection of a
conversation state in the communication system according
to Embodiment 1 of the present disclosure;

FIG. 11 1llustrates an overview of a process performed by
a communication system according to Embodiment 2 of the
present disclosure;

FIG. 12 1s a sequence diagram 1llustrating an exemplary
process performed in response to transmission of a leave
request 1n the communication system according to Embodi-
ment 2 of the present disclosure;

FIG. 13 1llustrates an overview of a process performed by
a communication system according to Embodiment 3 of the
present disclosure;
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FIG. 14 1s a sequence diagram illustrating an exemplary
process performed by the communication system according,
to Embodiment 3 of the present disclosure;

FIG. 15 1llustrates an overview of a process performed by
a communication system according to Embodiment 4 of the
present disclosure; and

FIG. 16 1s a sequence diagram illustrating an exemplary
process performed by the communication system according,
to Embodiment 4 of the present disclosure.

DETAILED DESCRIPTION

Underlying Knowledge Forming Basis of the Present Dis-
closure

In recent years, the ever-improving ability of robots to
communicate with humans has led to development of tele-
presence robots that incorporate technologies such as video
conferencing and remote manipulation into autonomous
mobile robots. Telepresence robots each work as an avatar of
a communication source user to perform tasks such as
walking around various places at a remote location or
making a voice call with a communication target user.
Telepresence robots are thus able to realize favorable com-
munication while giving a sense of presence not previously
available to a communication target user. As a result, tele-
presence robots are becoming increasingly common 1n tele-
commuting, various events, oflices, education, or other
applications.

Now, a future oflice environment 1s considered 1n which
a plurality of telepresence robots and a plurality of humans
coexist. FIG. 1 conceptually illustrates an exemplary future
oflice environment. This oflice environment includes four
remote locations P1 to P4. A user UA, who 1s the leader of
a given group constituting a company that provides this
oflice environment, 1s present at the location P1. Users UB,
UC, and UD, who are the subordinates of the user UA, are
respectively present at the locations P2, P3, and P4. The
locations P1 to P4 include not only rooms within the
company’s building but also user’s homes.

For an oflice environment in which the subordinates are
scattered across remote locations as described above, it
would be convenient 1f the leader 1s able to keep track of the
activities of remote subordinates at all times, and also
proceed with work as 1f the leader and the subordinates are
physically present at the same location.

Accordingly, 1n the oflice environment 1llustrated 1n FIG.
1, a telepresence robot A of the user UA acts as a master, and
respective telepresence robots B to D of the remote users UB
to UD act as slaves, with the telepresence robots A to D
being constantly connected by a one-to-many connection
network. Consequently, the audio and video of each of the
users UB to UD are constantly output to the telepresence
robot A, whereas the audio and video of only the user UA
are constantly output to the telepresence robots B to D. As
a result, the user UA 1s able to proceed with work as 1f
physically present at the same location as the users UB to
UD, and the users UB to UD are able to approach their work
with a sense of tension while being aware of the remote
presence of the user UA.

In some situations, the user UA may want to have a
conversation such as a private talk with a particular subor-
dinate, for example, the user UB. However, the one-to-many
connection between the telepresence robots A to D means
that the audio and video of the user UA are also output form
the respective telepresence robots C and D of the users UC
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and UD. This results in the conversation between the user
UA and the user UB being heard also by the users UC and

UD.

According to both Japanese Unexamined Patent Applica-
tion Publication Nos. 2002-111689 and 2001-1361772, net-
work reconfiguration 1s triggered by the master terminal
leaving the network due to dead battery or other reasons,
with no consideration given to the conversation of users
using their terminals. Consequently, 1t 1s not possible to
configure a network such that 11 a conversation 1s 1nitiated
between specific users, only the users who have mnitiated the
conversation are able to converse with each other.

The present disclosure provides a communication control
method or other techniques for configuring a network such
that, 1f a conversation 1s initiated between specific users,
only the users who have imitiated the conversion are able to
converse with each other.

According to one aspect of the present disclosure, there 1s
provided a commumication control method for a communi-
cation controller, the communication controller controlling
communication between one master terminal and n (n 1s an
integer not less than 2) slave terminals communicatively
connected to the master terminal by a basic network repre-
senting a one-to-many connection, the communication con-
trol method including:

detecting whether the master terminal, and m (m 1s an
integer not less than 1 and not more than n-1) slave terminals
among the n slave terminals are 1n a conversation state; and

in response to detecting that the master terminal and the
m slave terminals are 1n the conversation state, disconnect-
ing the master terminal and the m slave terminals from the
basic network, and forming a first sub-network, the first
sub-network including the master terminal as a master and
cach of the m slave terminals as a slave.

In accordance with the above aspect, 1f the master termi-
nal and the m slave terminals are detected to be 1n a
conversation state, the master terminal and the m slave
terminals are disconnected from the basic network, and a
first sub-network i1s formed. This configuration makes it
possible to configure a network such that if a conversation
1s 1nitiated between the user of the master terminal and the
users of the m slave terminals, only the users who have
initiated the conversation are able to converse with each
other. This helps prevent a conversation such as a private
talk conducted between the user of the master terminal and
the users of the m slave terminals from being heard by a user
not involved 1n the conversation.

In another possible implementation of the above aspect,
the communication controller includes a priority manage-
ment database to manage a priornty determined in advance
for each of the n slave terminals, and

the communication control method further includes, 1f the
number of (n-m) slave terminals corresponding to the num-
ber of slave terminals not 1n the conversation state with the
master terminal 1s two or more, disconnecting the (n-m)
slave terminals from the basic network, and forming a
second sub-network with a first slave terminal as a master
and a second slave terminal as a slave, the first slave terminal
being a slave terminal of which the priority 1s highest among
the (n-m) slave terminals, the second slave terminal corre-
sponding to each of remaining (n-m-1) slave terminals.

In accordance with the above aspect, 1f the number of
(n-m) slave terminals corresponding to the number of slave
terminals that are not i the conversation state 1s two or
more, the (n-m) slave terminals are disconnected from the
basic network, and a second sub-network 1s formed with a
first slave terminal as a master and a second slave terminal
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as a slave, the first slave terminal being the slave terminal
with the highest priority among the (n-m) slave terminals,
the second slave terminal corresponding to each of the
remaining (n-m-1) slave terminals. Consequently, if a con-
versation 1s 1nitiated between the user of the master terminal
and the users of the m slave terminals, the users of the (n-m)
slave terminals not ivolved in the conversation with the
user of the master terminal are also able to converse by use
of their own slave terminals. This enables effective utiliza-
tion of communication resources.

In another possible implementation of the above aspect,

the communication control method further includes, in
response to detecting the end of the conversation state
between the master terminal and the m slave terminals,
disconnecting the master terminal and the m slave terminals
from the first sub-network, and forming the basic network
that includes the master terminal as a master and each of the
n slave terminals as a slave again.

In accordance with the above aspect, when a conversation
between the user of the master terminal and the users of the
m slave terminals ends, the master terminal and the n slave
terminals are connected by the basic network again. This
configuration enables the master terminal and the n slave
terminals to be communicatively connected again by the
basic network without necessitating the user to make
troublesome settings, such as selecting which terminal as a
master and which terminal as a slave.

In another possible implementation, the communication
control method further includes, 1n response to detecting the
end of the conversation state between the master terminal
and the m slave terminals:

disconnecting the master terminal and the m slave termi-
nals from the first sub-network, and disconnecting the first
slave terminal and the (n-m-1) second slave terminals from
the second sub-network; and

forming the basic network again, the basic network
including the master terminal as a master and each of the m
slave terminals, the first slave terminal, and the (n-m-1)
second slave terminals as a slave.

In accordance with the above aspect, when a conversation
between the user of the master terminal and the users of the
m slave terminals ends, the master terminal and the n slave
terminals are communicatively connected by the basic net-
work again. This configuration enables the master terminal
and the n slave terminals to be communicatively connected
again by the basic network without necessitating the user to
make troublesome settings, such as selecting which terminal
as a master and which terminal as a slave.

In another possible implementation of the above aspect,
the communication controller includes a priority manage-
ment database to manage a priority determined in advance
for each of at least the n slave terminals, and

the communication control method further includes, in
response to acquiring, while the master terminal and the n
slave terminals are communicatively connected by the basic
network, a leave request that requests a leave from the basic
network to perform private communication between k (k 1s
an integer not less than 2 and not more than n) slave
terminals among the n slave terminals, disconnecting the k
slave terminals from the basic network, and forming a third
sub-network that includes a master and a slave, the master
being a slave terminal of which the priority 1s highest among,
the k slave terminals, the slave being each remaining slave
terminal.

In accordance with the above aspect, i1, while the master
terminal and the n slave terminals are communicatively
connected by the basic network, a leave request requesting
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a leave from the basic network to perform private commus-
nication between k slave terminals 1s acquired, the k slave
terminals are disconnected from the basic network to form
a third sub-network. This enables the users of the k slave
terminals to converse with each other by use of the third
sub-network, and prevents the conversation from being
heard by a third party.

In another possible implementation of the above aspect,
the communication control method further includes, in
response to detecting the end of a conversation state between
the k slave terminals, disconnecting the k slave terminals
from the third sub-network, and connecting each of the k
slave terminals to the master terminal on the basic network
again as a slave.

In accordance with the above aspect, when a conversation
between the k slave terminals ends, the k slave terminals are
disconnected from the third sub-network, and the k slave
terminals are each connected again as a slave to the master
terminal on the basic network. This configuration enables
the master terminal and the n slave terminals to be commu-
nicatively connected by the basic network without necessi-
tating the user to make troublesome settings, such as select-
ing which terminal as a master and which terminal as a slave.

In another possible implementation of the above aspect,
the communication control method further includes, while
the master terminal and the n slave terminals are commu-
nicatively connected by the basic network;

receiving a master right request from one slave terminal
among the n slave terminals, the master right request being
made by the one slave terminal to request master right
transier;

transmitting a master-right-transier approval request to
the master terminal, the master-right-transfer approval
request being a request to confirm with the master terminal
whether the master terminal approves master right transfer;
and

in response to receiving, from the master terminal as a
response to the master-right-transfer approval request, a
transfer approval that approves the master right request,
switching the approved slave terminal to a master and
switching the master terminal to a slave.

In accordance with the above aspect, 1f the user of a given
slave terminal transmits a master right request, and the
master right request 1s approved by the user of the master
terminal, the slave terminal 1s switched to a master, and the
master terminal 1s switched to a slave. Consequently, 1f a
situation arises 1n which the user of a given slave terminal
1s to converse with other users with this user acting as the
center, the network can be changed tlexibly to adapt to such
a situation.

In another possible implementation of the above aspect,

the communication control method further includes, while
the master terminal and the n slave terminals are commu-
nicatively connected by the basic network;

receiving a master right transfer request from the master
terminal, the master right transier request being a request
made by the master terminal to request master right transier
to one slave terminal among the n slave terminals;

transmitting a master-right-acceptance approval request
to the one slave terminal, the master-right-acceptance
approval request being a request to confirm with the one
slave terminal whether the one slave terminal accepts the
master right transfer; and

in response to receiving, from the one slave terminal as a
response to the master-right-acceptance approval request, an
acceptance approval to accept the master right transfer
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request, switching the one slave terminal that has transmit-
ted the acceptance approval to a master and switching the
master terminal to a slave.

In accordance with the above aspect, the user of the
master terminal 1s able, if the user so wishes, to transfer the >
master right to another user. This allows the network to be
flexibly changed to adapt to the needs of the user of the
master terminal.

In another possible implementation of the above aspect,

the communication control method further includes, 1n
response to detecting that the first slave terminal, and 7 (3 1s
an 1iteger not less than 1 and not more than (n-m-2)) second
slave terminals among the (n-m-1) second slave terminals
are 1n a conversation state on the second sub-network,
disconnecting the first slave terminal and the 1 second slave
terminals from the second sub-network, and forming a
fourth sub-network, the fourth sub-network including the
first slave terminal as a master and each of the j second slave

terminals as a slave. 20

In accordance with the above aspect, 1f the first slave
terminal designated as a master, and 1 second slave terminals
enter 1nto a conversation state on the second sub-network,
the master terminal and the m slave terminals are discon-
nected from the second sub-network, and a fourth sub- 25
network 1s formed. This enables the network to be config-
ured such that only the user of the first slave terminal and the
users of the 7 second slave terminals are able to converse
with each other.

In another possible implementation of the above aspect, 30

the communication control method further includes, i1t the
number of (n-m-1-7) second slave terminals corresponding
to the number of second slave terminals that are not in the
conversation state 1s two or more, disconnecting the (n-m-
1-1) second slave terminals from the second sub-network, 35
and forming a fifth sub-network that includes a master and
a slave, the master being a second slave terminal of which
the priority 1s highest among the (n-m-1-7) second slave
terminals, the slave being each of remaining (n-m-2-1)
second slave terminals. 40

In accordance with the above aspect, if the number of
(n-m-1-1) slave terminals, which corresponds to the number
of slave terminals not 1n a conversation state, 1s two or more,
these slave terminals are disconnected from the second
sub-network, and a fifth sub-network 1s formed. This makes 45
it possible to prevent a situation where the users of the
(n-m-1-1) slave terminals not in a conversation state are
unable to converse with each other, thus allowing for eflec-
tive utilization of communication resources.

The above-mentioned operational effects of the commu- 50
nication control method can be similarly attained with a
communication controller that constitutes a communication
system, a telepresence robot, and a computer program that
causes a computer to execute the communication control
method. This computer program may be distributed via a 55
non-transitory computer-readable recording medium such as
a CD-ROM, or a communication network such as the
Internet.

Embodiments described below each represent one spe-
cific implementation of the present disclosure. Specific 60
details set forth 1in the following description of embodi-
ments, such as numeric values, shapes, components, steps,
and the order of steps, are for 1llustrative purposes only and
not intended to limit the scope of the present disclosure.
Those components 1n the following description of embodi- 65
ments which are not cited in the mdependent Claim repre-
senting the most generic concept of the present disclosure
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will be described as optional components. For all the
embodiments below, the features of the embodiments may
be combined.

Embodiment 1

FIG. 2 1llustrates an exemplary overall configuration of a
communication system according to Embodiment 1 of the
present disclosure. The communication system illustrated in
FIG. 2 includes a plurality of telepresence robots A to N (to
be also referred to as telepresence robots 1 hereinatter), and
a cloud server 3.

Each of the telepresence robots A to N 1s an autonomous
mobile robot incorporating technologies such as video con-
ferencing and remote manipulation.

Conversation between a communication source user and
a communication target user 1s conducted via a telepresence
robot placed in the local environment where each of these
users 1s present.

For example, the telepresence robot of the communication
source user 1s able to transmit a message to the telepresence
robot of the communication target user, or recerve a message
from the telepresence robot of the communication target
user.

The telepresence robot A represents an example of one
master terminal. The telepresence robots B to N represent an
example of a plurality of slave terminals. The number of
slave terminals may be n (n 1s an integer not less than 2). The
telepresence robots B to N will be described below as an
example of a plurality of slave terminals. Communication 1s
established between the telepresence robots A to N by a
one-to-many connection with the telepresence robot A acting
as a mater and the telepresence robots B to N acting as
slaves. The telepresence robots A to N are each assigned a
priority 1n advance. For example, 1t 1s assumed that the
telepresence robot A has the highest priority among the
telepresence robots A to N.

For the communication system according to Embodiment
1, a one-to-many connection network centered on a master
telepresence robot, with the master being the telepresence
robot with the highest priority among a plurality of telep-
resence robots and the slaves being the remaining telepres-
ence robots, will be referred to as basic network. A master
terminal represents a telepresence robot designated as a
master, and slave terminals represent telepresence robots
designated as slaves or telepresence robots other than the
telepresence robot designated as a master.

More specifically, provided that the telepresence robots A
to N correspond to such a plurality of telepresence robots, a
one-to-many connection network centered on the telepres-
ence robot A will be referred to as basic network. On the
basic network, each of the telepresence robots B to N
connects to the telepresence robot A.

With the communication system according to Embodi-
ment 1, when at least two of the telepresence robots A to N
enter 1nto a conversation state, these telepresence robots are
disconnected from the basic network to form a sub-network.
Then, the communication system according to Embodiment
1 forms a sub-network in which one of the at least two
telepresence robots disconnected from the basic network 1s
designated as a master, with the remainder designated as
slaves.

When the conversation state between the at least two
telepresence robots ends, the communication system accord-
ing to Embodiment 1 disconnects the at least two telepres-
ence robots from the sub-network, and connects the two
telepresence robots to the basic network again.
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For example, 1t the at least two telepresence robots
disconnected from the basic network are both slave termi-
nals, the basic network 1s formed again by commumnicatively
connecting each of the two telepresence robots again to the
telepresence robot A, which 1s the master terminal on the
basic network.

For example, 11 one of the at least two telepresence robots
disconnected from the basic network is the telepresence
robot A, the basic network 1s formed again by communica-
tively connecting each of the slave terminals B to N to the
telepresence robot A.

The following description of Embodiment 1 will be
directed to an exemplary case 1n which one of the at least
two telepresence robots disconnected from the basic net-
work 1s a telepresence robot designated as a master.

The cloud server 3 includes, for example, a processor, a
memory, a communication device, and an external storage.
The cloud server 3 1s connected to a plurality of telepresence
robots A to N via a wired or wireless network NT 1n a
manner that allows commumication with the telepresence
robots A to N. As the network NT, a WAN such as the
Internet communication network may be employed. The
cloud server 3 represents an example of a communication
controller that controls communication between the plurality
of telepresence robots A to N. The communication controller
1s not particularly limited to the cloud server 3 but may be
implemented by a communication terminal such as a smart
phone, a tablet, or a personal computer, or may be 1mple-
mented by the telepresence robot 1.

In the example illustrated 1n FIG. 2, the telepresence
robots A to N are respectively placed in different local
environments L1 to LN. The locations P1 to P4 as illustrated
in FIG. 1 may be employed as the local environments L1 to
LN. Users UA to UN are respectively present in the local
environments L1 to LN. The following description assumes
that the users UA to UN respectively use the telepresence
robots A to N. That 1s, the users UA to UN are respectively
associated with the telepresence robots A to N 1n advance.
The cloud server 3 1s placed in a cloud environment remote
from the local environments L1 to LN.

FIG. 3 1s a block diagram 1llustrating a detailed configu-
ration of the communication system illustrated in FIG. 2.
The telepresence robot A includes a camera 11, a video
acquirer 12, a microphone 13, an audio acquirer 14, a touch
panel 15, an instruction acquirer 16, a communicator 17, a
drive controller 18, a motor 19, a video player 20, a display
21, an audio player 22, and a speaker 23. For example, the
telepresence robot A includes a processor such as a central
processing umt (CPU) (not illustrated), a communication
circuit (not illustrated), and a memory storing a program (not
illustrated). For example, execution of the program by the
processor of the telepresence robot 1 causes the video
acquirer 12, the audio acquirer 14, the instruction acquirer
16, the drive controller 18, the video player 20, and the audio
player 22 to function. Further, the processor executes the
program to control the communication circuit, thus causing
the communicator 17 to function. Alternatively, the function
of each of the video acquirer 12, the audio acquirer 14, the
instruction acquirer 16, the drive controller 18, the video
player 20, and the audio player 22 may be implemented by
using an integrated circuit. The telepresence robots B, C, . .

. N are 1dentical in configuration to the telepresence robot A,
and thus will not be herein described 1n further detail.

The cloud server 3 includes a communicator 31, a con-
versation detector 32, a connection mode switcher 33, a
connection state management database (DB) 34, and a
priority management DB 35. For example, the cloud server
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3 includes a processor such as a central processing unit
(CPU) (not 1llustrated), a communication circuit (not 1llus-
trated), and a memory (not illustrated) storing a program.
For example, execution of the program by the processor of
the cloud server 3 causes the conversation detector 32 and
the connection mode switcher 33 to function. Further, the
processor executes the program to control the communica-
tion circuit, thus causing the communicator 31 to function.
Alternatively, the function of each of the conversation
detector 32 and the connection mode switcher 33 may be
implemented by using an integrated circuit.

The camera 11 of the telepresence robot A 1s implemented
by, for example, an ommnidirectional camera capable of
acquiring omnidirectional images. The camera 11 constantly
captures an 1mage ol a telepresence operation target user
located near the telepresence robot 1 and to whom a telep-
resence operation 1s directed, and outputs the captured image
data to the video acquirer 12. The operation of the camera 11
of each of the telepresence robots B to N 1s the same as the
operation of the camera 11 of the telepresence robot A, and
thus will not be herein described.

The video acquirer 12 of the telepresence robot A outputs
the 1mage data representing the captured image of the
telepresence operation target user to the communicator 17.
The communicator 17 of the telepresence robot A transmits
the 1mage data representing the captured image of the
telepresence operation target user to the cloud server 3. The
communicator 17 associates the image data output from the
video acquirer 12 with a robot identifier (ID) used to identify
the telepresence robot 1, and transmits the image data and
the robot ID to the cloud server 3. The operation of the video
acquirer 12 of each of the telepresence robots B to N 1s the
same as the operation of the video acquirer 12 of the
telepresence robot A, and thus will not be herein described.

The microphone 13 of the telepresence robot A 1s made up

of, for example, two or more non-directional microphones.
The microphone 13 captures the audio of the voice of a
telepresence operation target user constantly or at predeter-
mined intervals of time, and outputs the captured audio data
to the audio acquirer 14. The operation of the microphone 13
of each of the telepresence robots B to N 1s the same as the
operation of the microphone 13 of the telepresence robot A,
and thus will not be herein described.
The audio acquirer 14 of telepresence robot A outputs
audio data representing the captured audio of the voice of the
telepresence operation target user to the communicator 17.
The communicator 17 associates the audio data of the
telepresence operation target user acquired by the audio
acquirer 14 with a robot ID, and outputs the audio data and
the robot ID to the cloud server 3. The operation of the audio
acquirer 14 of each of the telepresence robots B to N 1s the
same as the operation of the audio acquirer 14 of the
telepresence robot A, and thus will not be herein described.

The touch panel 15 of the telepresence robot A 1s used to
perform operations such as displaying various messages to
a user, or receiving an instruction from a user. The nstruc-
tion acquirer 16 of the telepresence robot A acquires various
user instructions input via the touch panel 15. The operations
of the touch panel 15 and nstruction acquirer 16 of each of
the telepresence robots B to N are the same as the operations
of the touch panel 15 and instruction acquirer 16 of the
telepresence robot A, and thus will not be herein described
in further detail.

The communicator 17 of the telepresence robot A 1s
implemented by a communication device used to connect
the telepresence robot A to the network NT. The drive
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controller 18 of the telepresence robot A controls the motor
19 of the telepresence robot A to thereby move the telep-
resence robot A.

The motor 19 of the telepresence robot A drives a dniving,
wheel (not 1llustrated) under control by the drive controller
18 to thereby move or stop the telepresence robot A. The
drive controller 18 and the motor 19 each correspond to an
example ol an autonomous mover that causes the telepres-
ence robot A to move autonomously. The operations of the
communicator 17, drive controller 18, and motor 19 of each
of the telepresence robots B to N are the same as the
operations of the communicator 17, drive controller 18, and
motor 19 of the telepresence robot A, and thus will not be
herein described 1n further detail.

The video player 20 of the telepresence robot A outputs,
to the display 21, a video signal representing playback of the
video data of a communication source user, which 1s
acquired from the cloud server 3 via the communicator 17.
A communication source user in this case refers to, for
example, a user who uses a telepresence robot that connects
to the telepresence robot A. The display 21 of the telepres-
ence robot A displays video or other information of the
communication source user. The video player 20 and the
display 21 of the telepresence robot A each correspond to an
example of a presenter. The operations of the video player 20
and display 21 of each of the telepresence robots B to N are
the same as the operations of the video player 20 and display
21 of the telepresence robot A, and thus will not be herein
described 1n further detail.

The audio player 22 of the telepresence robot A outputs,
to the speaker 23 of the telepresence robot A, an audio signal
representing playback of audio data or other data of a
communication source user, which 1s acquired from the
cloud server 3 via the commumnicator 17. The speaker 23
plays back the audio data or other data of the communication
source user. The audio player 22 and the speaker 23 each
correspond to an example of a presenter. The operations of
the audio player 22 and speaker 23 of each of the telepres-
ence robots B to N are the same as the operations of the
audio player 22 and speaker 23 of the telepresence robot A,
and thus will not be herein described in further detail.

The communicator 31 of the cloud server 3 communicates
with the plurality of telepresence robots A to N.

The conversation detector 32 detects whether the telep-
resence robot A corresponding to a master terminal, and m
(m 1s an imteger not less than 1 and not more than n-1)
telepresence robots among the telepresence robots B to N,
which correspond to a plurality of slave terminals, are 1n a
conversation state. A conversation state refers to, for
example, a state 1n which the user of the telepresence robot
A, and the user of a specific telepresence robot (e.g., the
telepresence robot B) among the telepresence robots B to N
are having a conversation.

The conversation detector 32 may detect a conversation
state as follows. For example, the conversation detector 32
may determine that the telepresence robot A and the telep-
resence robot B are 1n a conversation state 1f detection of the
end of an utterance made by the user UA of the telepresence
robot A 1s followed, within a predetermined period of time,
by detection of an utterance made by the user UB of the
telepresence robot B. Alternatively, the conversation detec-
tor 32 may determine that the telepresence robot A and the
telepresence robot B are in a conversation state if the
following sequence of events i1s repeated successively a
predetermined number of times or more: detecting the end of
an utterance made by the user UA of the telepresence robot
A, Tollowed by detection of an utterance made by the user
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UB of the telepresence robot B within a predetermined
period of time, followed by detection of the end of the
utterance made by the user UB, followed by detection of an
utterance of the user UA within a predetermined period of
time.

The predetermined number of times may be any integer
number of times greater than one, such as once, twice, or
three times. The predetermined period of time may be any
predetermined period of time (e.g., 0.5 seconds, 1 second, or
S seconds) 1t 1s assumed to take, when users are exchanging
utterances, from the end of an utterance produced by a given
user to the production of an utterance by another user.

Although the following description of Embodiment 1
assumes for the simplicity of explanation that the conver-
sation detector 32 detects a conversation state between two
telepresence robots 1, this 1s not intended to limit the present
disclosure. The conversation detector 32 may detect a con-
versation state between three or more telepresence robots 1.

This 1s explained below for an exemplary case 1n which
the users UA, UB, and UC are present. In this case, the
conversation detector 32 may determine that the telepres-
ence robots A, B, and C are in a conversation state if the
conversation detector 32 detects that the users UA, UB, and
UC are successively producing utterances at intervals less
than or equal to a predetermined period of time, such as
when the conversation detector 32 detects the end of an
utterance made by the user UA, followed by detection of an
utterance of the user UB with a predetermined period of
time, followed by detection of the end of the utterance made
by the user UB, followed by detection an utterance of the
user UC within a predetermined period of time.

In another possible configuration, 1f the conversation
detector 32 detects an input, from the user of one of a
plurality of telepresence robots, of a private communication
request that specifies one or more specific users as targets
and requests private communication between the telepres-
ence robots used by these users, the conversation detector 32
determines that the telepresence robot of the one user and the
telepresence robots of the one or more specific users are in
a conversation state.

Specifically, for example, if the commumcator 31
receives, from the user UA of the telepresence robot A, a
private communication request that specifies the user UB
and the user UC as targets and requests private communi-
cation between the telepresence robots A to C used by these
users, the communicator 31 outputs the private communi-
cation request to the conversation detector 32. The conver-
sation detector 32 may, upon receirving such a private
communication request, detect that the private communica-
tion request has been 1put, and determine that the telep-
resence robot A, the telepresence robot B, and the telepres-
ence robot C are 1n a conversation state. The conversation
detector 32 may output the robot ID of each telepresence
robot determined to be 1n a conversation state to the con-
nection mode switcher 33.

For example, 1in response to detection of a conversation
state between the telepresence robot A and, for example, the
telepresence robot B, the connection mode switcher 33
disconnects the telepresence robot A and the telepresence
robot B from the basic network, and forms a sub-network
(first sub-network) with the telepresence robot A as a master
and the telepresence robot B as a slave.

Further, if, among the telepresence robots B to N, the
number of telepresence robots not 1n a conversation state
with the telepresence robot A i1s two or more, that 1s, 11 there
are a plurality of such telepresence robots, the connection
mode switcher 33 disconnects these telepresence robots
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from the basic network, and forms a sub-network (second
sub-network) 1 which the telepresence robot with the
highest priority among the disconnected telepresence robots
1s designated as a master and each remaining telepresence
robot 1s designated as a slave.

For example, 11, among the telepresence robots B to N
designated as slaves, there are two or more telepresence
robots not 1n a conversation state with the telepresence robot
A, the connection mode switcher 33 disconnects these
telepresence robots from the basic network, and forms a
sub-network 1n which the telepresence robot with the highest
priority among the two or more disconnected telepresence
robots 1s designated as a master and each remaining telep-
resence robot 1s designated as a slave.

A case 15 considered 1n which telepresence robots not 1n
a conversation state with the telepresence robot A are
telepresence robots C to N. In this case, there are two or
more telepresence robots not 1n a conversation state with the
telepresence robot A. Accordingly, the connection mode
switcher 33 disconnects the telepresence robots C to N from
the basic network.

For example, 1f the telepresence robot with the highest
priority among the telepresence robots C to N 1s the telep-
resence robot C, the connection mode switcher 33 forms a
sub-network with the telepresence robot C designated as a
master and the remaining telepresence robots D to N des-
ignated as slaves.

If the end of a conversation state between the telepresence
robot A and the telepresence robot B 1s detected, the con-
nection mode switcher 33 disconnects the telepresence robot
A and the telepresence robot B from the first sub-network,
and also disconnects the telepresence robots C to N from the
second sub-network. Then, the connection mode switcher 33
forms the basic network again 1n which the telepresence
robot A, which has the highest priority among the telepres-
ence robots A to N, i1s designated as a master and the
remaining telepresence robots B to N are designated as
slaves. This means that the communication connection
between the telepresence robots A to N returns to the basic
network representing a one-to-many connection centered on
the telepresence robot A. This enables the connection mode
to return to the basic network once the end of a conversation
state 1s detected, without necessitating the user to make
settings such as selecting which telepresence robot 1 as a
master and which robot as a slave.

The connection state management DB 34, which 1s imple-
mented by, for example, a non-volatile memory, 1s a data-
base for managing the connection state of each telepresence
robot. FIG. 3 illustrates an exemplary data structure of the
connection state management DB 34. FIG. 3 illustrates data
constituting the connection state management DB 34 in the
form of tables.

The upper table in FIG. § illustrates an exemplary con-

nection state when telepresence robots A to E are connected
via a basic network.

The lower table 1n FIG. 5 illustrates an exemplary data
structure of the connection state management DB 34 with
the basic network separated into a plurality of sub-networks.

The connection state management DB 34 includes a
“Master” field and a “Slave™ field as described above. The
“Master” field registers the robot ID of a telepresence robot
currently designated as a master. The “Slave” field registers
the robot ID of each telepresence robot currently designated
as a slave. A robot ID refers to an identifier uniquely
assigned to each of the telepresence robots A to N. In the
example illustrated in FIG. 3, there are five telepresence
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robots A to E, and robot IDs “A” to “E” are respectively

assigned to the telepresence robots A to E.
In the upper table 1n FIG. 5, the telepresence robot A as
a master, and the telepresence robots B to E as slaves are
stored 1n association with each other. Thus, a basic network
centered on the telepresence robot A 1s formed. Now, 1t 1s
assumed that a conversation state between the telepresence
robot A and the telepresence robot B 1s detected. In this case,
the connection mode switcher 33 rewrites the connection
state management DB 34 such that the upper table illustrated
in FIG. 5 changes to the lower table illustrated in FIG. S.
In the lower table 1n FIG. 5, the robot ID of the telepres-
ence robot A acting as a master and the robot 1D of the
telepresence robot B acting as a slave are stored 1n associa-
tion with each other, and the robot ID of the telepresence
robot C acting as a master and the robot IDs of the
telepresence robots D and E acting as slaves are stored in
association with each other. It i1s thus appreciated that the
basic network BN has been separated into a sub-network in
which the telepresence robot A acts as a master and the
telepresence robot B acts as a slave, and a sub-network in
which the telepresence robot C acts as a master and the
telepresence robots D and E act as slaves. The sub-network
with the telepresence robot A acting as a master and the
telepresence robot B acting as a slave represents an example
of a first sub-network. Further, the sub-network with the
telepresence robot C acting as a master and the telepresence

robots D and E acting as slaves represents an example of a
second sub-network.

When the conversation state between the telepresence
robot A and the telepresence robot B ends, the connection
mode switcher 33 disconnects the telepresence robot A and
the telepresence robot B from the first sub-network, and
disconnects the telepresence robots C to E from the second
sub-network. After the connection mode switcher 33 forms
the basic network with the telepresence robot A as a master
and the telepresence robots B to E as slaves, the connection
state management DB 34 rewrites the connection state
management DB 34 such that the lower table 1llustrated in
FIG. S changes to the upper table illustrated in FIG. 5. 5.

If, for example, the telepresence robots C to E are 1n a
conversation state when the conversation state between the
telepresence robot A and the telepresence robot B ends, the
connection mode switcher 33 may, after the conversation
state between the telepresence robots C to E ends, discon-
nect the telepresence robots C to E from the second sub-
network, and then form the basic network in which the
telepresence robot A acts as a master and the telepresence
robots B to E act as slaves.

As a result, the fact that the two previously separated
sub-networks have been returned to the basic network BN 1s
reflected on the connection state management DB 34.

As described above, the connection mode switcher 33
rewrites the connection state management DB 34 whenever
necessary to thereby manage the connection state of each of
the telepresence robots A to E.

Retference now returns to FIG. 3. The priority manage-
ment DB 35, which 1s implemented by, for example, a
non-volatile memory, manages a priority determined in
advance for each of the telepresence robots A to N.

FIG. 4 illustrates an exemplary data structure of the
priority management DB 35. FIG. 4 illustrates data consti-
tuting the priority management DB 35 in the form of a table.
The priority management DB 335 includes a “Robot 1D field
and a “Priority” field. The “Robot 1D 1s the same as the
“Robot ID” illustrated 1n FIG. 5. The “Priority” field regis-
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ters a priority assigned to each telepresence robot 1 in
advance. A lower priority value indicates a higher priority.
In the example illustrated i FIG. 4, a priority “17 1s
assigned to the telepresence robot A acting as a master,
meaning that the highest priority 1s assigned to the telep-
resence robot A. Priorities 27 to *“5” are respectively
assigned to the telepresence robots B to E, meaning that
priorities are assigned in descending order from the telep-
resence robots B to E. When forming a sub-network, the
connection mode switcher 33 refers to the priority manage-
ment DB 35 to determine a master for the sub-network.
FI1G. 6 illustrates a mode of control that forms the basis of
the communication system according to Embodiment 1 of
the present disclosure. As illustrated in the left diagram of
FIG. 6, 1t 1s assumed that the telepresence robot A acting as
a master terminal has a right to control the telepresence
robots B and C acting as slaves. This right 1s atomic in
nature, meaning that the right can be neither divided nor
distributed. For example, as illustrated in the right diagram
of FIG. 6, 1t 1s not possible for a plurality of telepresence
robots, the telepresence robots A and B, to act as masters to
simultaneously control one telepresence robot C. As
described above, a master-slave relationship 1s defined
between telepresence robots. Among a plurality of telepres-
ence robots connecting to the basic network BN or a
sub-network, there 1s at most only one telepresence robot
that can become a master. In this regard, examples of the
above-mentioned control include moving or stopping of a
slave telepresence robot by a master telepresence robot.
FI1G. 7 1llustrates an overview of a process performed by
the commumnication system according to Embodiment 1 of
the present disclosure. In the left diagram of FIG. 7, a basic
network BN i1s formed with the telepresence robot A desig-
nated as a master and the telepresence robots B to E
designated as slaves. In this state, it 1s assumed that the
conversation detector 32 detects that the telepresence robot
A and the telepresence robot B are 1n a conversation state.
Then, as 1illustrated 1n the middle diagram of FIG. 7, the
connection mode switcher 33 temporarily forms a sub-
network SN1 (an example of a first sub-network) with the
telepresence robot A designated as a master and the telep-
resence robot B designated as a slave, and at the same time,
the connection mode switcher 33 temporarily forms a sub-
network SN2 (an example of a second sub-network) with the
telepresence robot C designated as a master and the telep-
resence robots D and E designated as slaves. The reason why
the telepresence robot C becomes a master on the sub-
network SN2 1s because, as illustrated in FIG. 4, the telep-
resence robot C has the highest priority among the telep-
resence robots C to E. When the conversation state between
the telepresence robot A and the telepresence robot B ends,
the connection mode switcher 33 disconnects the telepres-
ence robots A and B from the sub-network SN1, and also
disconnects the telepresence robots C, D, and E from the
sub-network SN2. Then, the connection mode switcher 33
forms the basic network BN again 1in which the telepresence
robot A, which has the highest priority among the telepres-
ence robots A to E, i1s designated as a master and the
remaining telepresence robots B, C, D, and E are designated
as slaves. That 1s, the connection mode switcher 33 returns
the connection mode from the sub-networks SN1 and SN2
to the basic network BN. The end of a conversation state 1s
detected by, for example, the user UA mputting a private
communication end request requesting the end of a private
communication. However, this 1s only illustrative of one
example. Alternatively, the connection mode switcher 33
may detect the end of a conversation between the users UA

10

15

20

25

30

35

40

45

50

55

60

65

16

and UB from the audio data of the users UA and UB to
thereby determine that the conversation state between the
telepresence robot A and the telepresence robot B has ended.
In this case, the connection mode switcher 33 may determine
that the conversation state has ended 1f no utterance of the
user UA or the user UB 1s detected after the elapse of a
predetermined period of time following the detection of the
end of an utterance made by the user UA or the user UB.

FIG. 8 1s a sequence diagram illustrating an exemplary
process performed in forming a basic network BN 1n the
communication system according to Embodiment 1 of the
present disclosure. The sequence diagram illustrates an
exemplary case in which the basic network BN includes four
telepresence robots A to D. It 1s assumed that the respective
priorities of the telepresence robots A to D managed by the
priority management DB 35 are 1n the following order from
highest to lowest: the telepresence robot A, the telepresence
robot B, the telepresence robot C, and the telepresence robot
D. It 1s also assumed that the telepresence robot A has the
master right at the time when the sequence 1llustrated 1n FIG.
8 1s executed. In this case, the remaining telepresence robots
B to D are slaves.

At S1, when the instruction acquirer 16 of the telepres-
ence robot A receives an input of an instruction indicating a
connection request from the user UA, the instruction
acquirer 16 associates the connection request with the robot
ID “A” of the telepresence robot A, and transmits the
connection request and the robot ID to the cloud server 3 via
the communicator 17. At this time, an 1nstruction indicating
a connection request may be mput by the user UA by, for
example, pressing a connection request button displayed on
the touch panel 15 of the telepresence robot A.

At S2, when the communicator 31 of the cloud server 3
receives the connection request, the connection mode
switcher 33 refers to the priornity management DB 33, and
performs a connection process that forms a basic network
BN 1n which the telepresence robot A, which has the highest
priority, 1s designated as a master and the remaining telep-
resence robots B to D are designated as slaves. The con-
nection process 1s a process that establishes a communica-
tion connection between the telepresence robot A and each
of the telepresence robots B to D.

More specifically, at S2, the connection mode switcher 33
transmits, via the communicator 31, a connection request for
establishing a communication connection with the telepres-
ence robot A to each of the telepresence robots B to D. The
connection request may include, for example, information
indicating that the master 1s the telepresence robot A. For
example, when the communicator 17 of the telepresence
robot B receives the connection request from the cloud
server 3, the communicator 17 establishes a communication
connection with the telepresence robot A. The above-men-
tioned process of establishing a communication connection
1s also performed 1n the same manner for the telepresence
robots C and D. As a result, a communication connection 18
established between each of the telepresence robots B to D,
and the telepresence robot A. The basic network BN 1s thus
formed with the telepresence robot A as a master and the
telepresence robots B, C, and D as slaves. Further, at S2, the
connection mode switcher 33 registers the robot 1D of the
telepresence robot A mto the “Master” field in the connec-
tion state management DB 34, and registers the robot IDs of
the telepresence robots B to D ito the “Slave” field.

At S3, the communicator 17 of the telepresence robot A
transmits the audio data of the user UA acquired by the audio
acquirer 14 to each of the telepresence robots B to D by
broadcasting wvia the cloud server 3. For example, the
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communicator 17 of the telepresence robot B receives the
audio data of the user UA via the cloud server 3. The audio
player 22 receives the audio data of the user UA from the
communicator 17, and outputs the audio signal of the user
UA to the speaker 23. This process 1s also performed in the
same manner for the telepresence robots C and D. An
utterance of the user UA 1s thus delivered to the users UB to
UD. In a state 1n which the basic network BN 1s formed, the
audio data of each of the users UB to UD 1s transmitted via
the cloud server 3 to only the master, that 1s, the telepresence
robot A, and not transmitted to the other slaves, that 1s, the
telepresence robots B to D. The user UA 1s thus able to
converse with the users UB to UD in a one-to-many fashion.
At S3 1n FIG. 8, video data may be transmitted 1n addition
to audio data.

FIG. 9 1s a sequence diagram 1llustrating an exemplary
process performed in response to detection of a conversation
state 1 the communication system according to Embodi-
ment 1 of the present disclosure.

At S10, when the telepresence robot A acquires audio data
of the user UA, the telepresence robot A transmits the
acquired audio data to the telepresence robots B to D by
broadcasting via the cloud server 3. Further, when the
telepresence robots B to D respectively acquire audio data of
the users UB to UD, the telepresence robots B to D transmit
the acquired audio data to the telepresence robot A via the
cloud server 3. At S10, video data may be transmitted 1n
addition to audio data.

At S11, the conversation detector 32 detects that the
telepresence robot A and the telepresence robot B are in a
conversation state. In the example 1llustrated in FIG. 9, the
conversation detector 32 determines that the telepresence
robot A and the telepresence robot B are 1n a conversation
state 1f, for example, the conversation detector 32 detects an
utterance of the user UB within a predetermined period of
time after detection of the end of an utterance made by the
user UA, and subsequently detects an utterance of the user
UA within a predetermined period of time after the end of
the utterance made by the user UB.

At S12, the connection mode switcher 33 executes a
connection mode switching process. In the connection mode
switching process at S12, the connection mode switcher 33
refers to the priority management DB 35, and identifies the
telepresence robot C as the telepresence robot that has the

highest priority among the telepresence robots C and D other
than the telepresence robots A and B whose conversation
state has been detected.

Further, the connection mode switcher 33 disconnects the
telepresence robots A and B from the basic network BN.

The connection mode switcher 33 transmits a connection
request for establishing a communication connection with
the telepresence robot A to the telepresence robot B via the
communicator 31. When the communicator 31 of the tele-
presence robot B receives the connection request, the com-
municator 31 establishes a communication connection with
the telepresence robot A. As a result, a sub-network SN1 1s
formed with the telepresence robot A as a master and the
telepresence robot B as a slave.

Further, the connection mode switcher 33 disconnects the
telepresence robots C and D from the basic network BN, and
transmits a connection request for establishing a communi-
cation connection with the telepresence robot C to the
telepresence robot D via the communicator 31. Upon receiv-
ing the connection request, the telepresence robot D estab-
lishes a communication connection with the telepresence
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robot C. As a result, a sub-network SN2 1s formed with the
telepresence robot C as a master and the telepresence robot
D as a slave.

Then, the connection mode switcher 33 registers the robot
ID of the telepresence robot B into the “Slave” field in the
connection state management DB 34 1n association with the

robot ID of the telepresence robot A, and registers the robot
ID of the telepresence robot D into the “Slave” field 1n
association with the robot ID of the telepresence robot C. As
a result, the fact that the basic network BN has been
separated into the sub-network SN1, which 1s used for
private communication between the telepresence robots A
and B, and the sub-network SN2, which 1s used for private
communication between the telepresence robots C and D, 1s
reflected on the connection state management DB 34.

At S13, the connection mode switcher 33 transmits a
master right assignment notification to the telepresence
robot C via the communicator 31.

At S14, the connection mode switcher 33 transmits, to
cach of the telepresence robots A and B via the communi-
cator 31, a connection switch result notification to notily that
the sub-network SN1 for performing private communication
between the telepresence robot A and the telepresence robot
B has been formed.

At S15, the connection mode switcher 33 transmits, to
cach of the telepresence robots C and D via the communi-
cator 31, a connection switch result notification to notify that
the telepresence robots A and B have been disconnected
from the basic network BN.

At S16, when the instruction acquirer 16 of the telepres-
ence robot A receives an input of an instruction indicating a
private communication end request from the user UA, the
instruction acquirer 16 associates the private communication
end request with the robot ID “A” of the telepresence robot
A, and transmits the request and the robot ID to the cloud
server 3 via the communicator 17. At this time, an instruc-
tion indicating a private communication end request may be
input by the user UA by, for example, pressing a private
communication end request button displayed on the touch
panel 15 of the telepresence robot A.

At S17, the communicator 31 of the cloud server 3
receives the private communication end request from the
telepresence robot A, and outputs the received request to the
connection mode switcher 33. Upon receiving the private
communication end request, the connection mode switcher
33 executes a connection mode switching process. In the
connection mode switching process at S17, the connection
mode switcher 33 disconnects the telepresence robots A and
B from the sub-network SN1, and also disconnects the
telepresence robots C and D from the sub-network SN2. The
connection mode switcher 33 i1dentifies the telepresence
robot A, which has the highest priority among the telepres-
ence robots A to D, as a master, and the remaining telep-
resence robots B to D as slaves. The connection mode
switcher 33 transmits a connection request for establishing
a communication connection with the telepresence robot A
to each of the telepresence robots B to D via the commu-
nicator 31. For example, when the communicator 17 of the
telepresence robot B receives the connection request from
the cloud server 3, the communicator 17 establishes a
communication connection with the telepresence robot A.
The above-mentioned process of establishing a communi-
cation connection 1s also performed in the same manner for
the telepresence robots C and D. As a result, the basic
network BN 1s formed again with the telepresence robot A
as a master and the telepresence robots B, C, and D as slaves.
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The connection mode switcher 33 registers the robot ID of
the telepresence robot A into the “Master” field in the
connection state management DB 34, and registers the
respective robot IDs of the telepresence robots B, C, and D
into the “Slave” field. As a result, the fact that the sub-
networks SN1 and SN2 have been returned to the basic
network BN 1s reflected on the connection state management
DB 34.

At S18., the connection mode switcher 33 transmits a
master right termination notification, which notifies that the
master right has terminated, to the telepresence robot C,
which 1s the master of the sub-network SN2, via the com-
municator 31.

At S19, the connection mode switcher 33 transmits, to
cach of the telepresence robots A, B, C, and D wvia the
communicator 31, a connection switch result notification to
notily that the communication connection has returned to the
basic network BN.

Although FIG. 9 1s directed to a case 1n which a conver-
sation state 1s detected between the telepresence robot A and
the telepresence robot B at S11, this 1s only illustrative of
one example. The same process as 1n FIG. 9 1s executed also
for a case 1n which a conversation state 1s detected between
the telepresence robot A and each of the telepresence robots
C and D.

The communication system according to Embodiment 1
may employ a sequence illustrated in FIG. 10 nstead of the
sequence 1llustrated 1n FIG. 9.

FIG. 10 1s a sequence diagram illustrating another exem-
plary process performed i1n response to detection of a
conversation state 1n the communication system according
to Embodiment 1 of the present disclosure. In FIG. 9, a
conversation state 1s automatically detected by the cloud
server 3. In FIG. 10, the user 1s made to mput a private
communication request to allow detection of a conversation
state by the cloud server 3.

At S31, when the 1nstruction acquirer 16 of the telepres-
ence robot A receives, from the user UA, an input of an
instruction indicating a private communication request that
specifies the telepresence robot B as a connection target and
requests private communication between the telepresence
robot A and the telepresence robot B, the instruction acquirer
16 associates the private communication request with the
robot ID “A” of the telepresence robot A and the robot 1D
“B” of the connection target, and transmits the request and
the robot IDs to the cloud server 3 via the communicator 17.
In this case, an mstruction indicating a private communica-
tion request may be mput by the user UA by, for example,
operating a user selection button displayed on the touch
panel 15 to select the telepresence robot B as a communi-
cation target, and then pressing a private communication
request button. Although the above description 1s directed to
an i1mplementation 1 which the user UA specifies the
telepresence robot B as a connection target, in another
possible implementation, the user UA specifies the user UB
with whom to have a conversation. This may be accom-
plished by the telepresence robot A storing the correspon-
dence between the users UB to UD and the telepresence
robots B to D 1n advance.

At S32, when the communicator 31 of the cloud server 3
receives the private communication request, the connection
mode switcher 33 executes a connection mode switching,
process 1n the same manner as m FIG. 9. The subsequent
steps from S32 to S39 are the same as S12 to S19 illustrated
in FIG. 9 and thus will not be described.

In FIG. 10, a private communication end request 1s
transmitted by the telepresence robot A that has transmitted
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a private communication request. Alternatively, such a pri-
vate communication end request may be transmitted by the
telepresence robot B with which the telepresence robot A
communicates. This may be accomplished by the user UB
inputting an operation of pressing a private communication
end request button displayed on the touch panel 15 of the
telepresence robot B.

In FIG. 10, the telepresence robot A transmits a private
communication request at S31. Alternatively, one of the
slave telepresence robots B, C, and D may transmit a private
communication request. This may be accomplished by
inputting an operation of pressing a private communication
request button displayed on the touch panel 15 of the
telepresence robot B of the user UB, the touch panel 15 of
the telepresence robot C of the user UC, or the touch panel
15 of the telepresence robot D of the user UD.

As described above, with the communication system
according to Embodiment 1, 1f the telepresence robot A and,
for example, the telepresence robot B are detected to be 1n
a conversation state, the telepresence robot A and the tele-
presence robot B are disconnected from the basic network
BN, and the sub-network SN1 1s formed. This enables the
network to be configured such that 1if a conversation 1s
initiated between the user UA of the telepresence robot A
and the user UB of the telepresence robot B, only the users
who have inmitiated the conversation are able to converse
with each other.

Further, the telepresence robots C and D, which corre-
spond to a plurality of telepresence robots not 1n a conver-
sation state with the telepresence robot A, are disconnected
from the basic network, and the sub-network SN2 1s formed
with the master being the telepresence robot C, which has
the highest priority between the telepresence robots C and D,
and the slave being the remaining telepresence robot D. This
configuration ensures that i1f a conversation is 1initiated
between the user UA and the user UB, the users UC and UD
of the telepresence robots C and D not mvolved in this
conversation are also able to have a conversation by use of
theirr own telepresence robots C and D, thus allowing for
cllective utilization of communication resources.

Further, when the conversation between the user UA and
the user UB ends, the communication connection 1s returned
to the basic network BN. This makes it possible to maintain
the environment of the basic network BN without necessi-
tating the user to make troublesome settings, such as select-
ing which telepresence robot 1 as a master and which
telepresence robot 1 as a slave.

Modification of Embodiment 1

For example, 1t 1s assumed that the sub-network SN2 is a
sub-network with the telepresence robot C designated as a
master and the telepresence robots D, E, and F designated as
slaves. It 1s assumed that priorities are given in the following
descending order: the telepresence robot C, the telepresence
robot D, the telepresence robot E, and the telepresence robot
F. In this case, 1t 1s assumed that the conversation detector
32 detects that the telepresence robot C (an example of a first
slave terminal) designated as a master, and, for example, the
telepresence robot D among the telepresence robots D, E,
and F (an example of (n-m-1) second slave terminals)
designated as slaves are in a conversation state. The telep-
resence robot D represents an example o171 (7 1s an integer not
less than 1 and not more than n-m-2) second slave terminals.
In this case, the connection mode switcher 33 disconnects
the telepresence robots C and D from the sub-network SN2.
Then, the connection mode switcher 33 transmits a connec-
tion request for establishing a communication connection
with the telepresence robot C to the telepresence robot D via
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the communicator 31. When the communicator 17 of the
telepresence robot D receives the connection request from

the cloud server 3, the communicator 17 establishes a
communication connection with the telepresence robot C. A
sub-network SN4 (an example of a fourth sub-network) may
be thus formed with the telepresence robot C as a master and
the telepresence robot D as a slave. This makes 1t possible
to configure a network that allows only the user UC of the
telepresence robot C and the user UD of the telepresence
robot D to converse with each other.

In this case, two telepresence robots, the telepresence
robots E and F, are not in a conversation state with the
telepresence robot C, that 1s, there are a plurality of such
telepresence robots. In this case, the connection mode
switcher 33 disconnects the telepresence robot E and the
telepresence robot F from the sub-network SN2, and after
designating the telepresence robot E, which has the highest
priority between the telepresence robots E and F, as a master
and the remaining telepresence robot F as a slave, the
connection mode switcher 33 transmits a connection request
for establishing a communication connection with the tele-
presence robot E to the telepresence robot F via the com-
municator 31. When the communicator 17 of the telepres-
ence robot F receives the connection request from the cloud
server 3, the communicator 17 establishes a communication
connection with the telepresence robot E. A sub-network
SN (an example of a fifth sub-network) may be thus formed
with the telepresence robot E as a master and the remaining,
telepresence robot F as a slave. The telepresence robots E
and F represent an example of (n-m-1-1) slave terminals.

This configuration helps prevent a situation where the
telepresence robots E and F, which are not 1n a conversation
state with the telepresence robot C, are unable to converse
with each other, thus allowing for effective utilization of
communication resources.

Embodiment 2

With a communication system according to Embodiment
2, while a basic network BN 1s formed, a sub-network 1s
formed to perform private communication between some of
the telepresence robots 1 designated as slaves. In Embodi-
ment 2, components 1dentical to those of Embodiment 1 waill
be denoted by the same reference symbols to avoid repeti-
tive description.

FI1G. 11 illustrates an overview of a process performed by
the commumnication system according to Embodiment 2 of
the present disclosure. As with Embodiment 1, the priorities
of the telepresence robots A to E are in the following
descending order: the telepresence robot A, the telepresence
robot B, the telepresence robot C, the telepresence robot D,
and the telepresence robot E. That 1s, the telepresence robot
A has the highest priority, and the telepresence robot E has
the lowest priority. In the left diagram of FIG. 11, a basic
network BN 1s formed with the telepresence robot A as a
master and the telepresence robots B to E as slaves. In this
state, 1t 1s assumed that the conversation detector 32 has
acquired a leave request from, for example, the telepresence
robot C among the telepresence robots B to E via the
communicator 31. This leave request 1s a request made to
request a leave from the basic network BN to perform
private communication with the telepresence robot D. The
leave request 1s mput by the user UC via the telepresence
robot C.

In this case, the connection mode switcher 33 disconnects
the telepresence robots C and D from the basic network BN.
Then, the connection mode switcher 33 identifies, as a
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master, the telepresence robot C having the highest priority
between the telepresence robots C and D, and 1dentifies the
remaining telepresence robot D as a slave. Subsequently, the
connection mode switcher 33 transmits a connection request
for establishing a communication connection with the tele-
presence robot C to the telepresence robot D via the com-
municator 31. Upon receiving the connection request, the
telepresence robot D establishes a communication connec-
tion with the telepresence robot C. Thus, as illustrated 1n the
middle diagram of FIG. 11, a sub-network SN3 (an example
of a third sub-network) 1s formed 1n which the telepresence
robot C, which has the highest priority between the telep-
resence robot C and the telepresence robot D, 1s designated
as a master and the telepresence robot D 1s designated as a
slave. At the same time, as the telepresence robot C and the
telepresence robot D are disconnected from the basic net-
work BN by the connection mode switcher 33, a sub-
network SN1 1s formed as a result 1n which the telepresence
robot A, which has the highest priority among the telepres-
ence robots A, B, and E, 1s designated as a master and the
telepresence robots B and E are designated as slaves. It may
be noted that the telepresence robots C and D represent an
example of k (k 1s an integer not less than 2 and not more
than n-1) slave terminals.

When the connection mode switcher 33 detects the end of
a conversation state between the telepresence robot C and
the telepresence robot D, the connection mode switcher 33
disconnects the telepresence robots C and D from the
sub-network SN3, and designates each of the disconnected
telepresence robots C and D as a slave. The connection mode
switcher 33 transmits a connection request for establishing
a communication connection with the telepresence robot A
to each of the telepresence robots C and D via the commu-
nicator 31. Upon recerving the connection request, each of
the telepresence robots C and D establishes a communica-
tion connection with the telepresence robot A. As a result,
the basic network BN 1s formed again with the telepresence
robot A as a master, and the telepresence robots B to E as
slaves. That 1s, the sub-networks SN1 and SN3 are returned
to the basic network BN. At this time, the end of a conver-
sation state 1s detected when, for example, one of the users
UC and UD 1nputs a private communication end request.
However, this 1s only illustrative of one example. Alterna-
tively, the connection mode switcher 33 may detect the end
ol a conversation between the users UC and UD from the
audio data of the users UC and UD to thereby determine that
the conversation state between the telepresence robot C and
the telepresence robot D has ended. In this case, the con-
nection mode switcher 33 may determine that the conver-
sation state has ended 11 no utterance of the user UC or the
user UD 1s detected after the elapse of a predetermined
period of time following the detection of the end of an
utterance made by the user UC or the user UD.

FIG. 12 1s a sequence diagram 1llustrating an exemplary
process performed 1n response to transmission of a leave
request 1n the communication system according to Embodi-
ment 2 of the present disclosure. It 1s assumed that a basic
network BN with the telepresence robot A designated as a
master and the telepresence robots B to D designated as
slaves 1s formed prior to mitiating the process 1llustrated 1n
FIG. 12.

At S51, when the istruction acquirer 16 of the telepres-
ence robot B receives, from the user UB, an input of an
instruction indicating a leave request with the telepresence
robot C specified as a connection target, the instruction
acquirer 16 associates the leave request with the robot ID
“B” of the telepresence robot B and the robot ID “C” of the
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connection target, and transmits the leave request and the
robots 1Ds to the cloud server 3 via the communicator 17.
Although the above description 1s directed to an implemen-
tation that specifies the telepresence robot 1 to which
connection 1s to be made, 1t 1s also possible to employ an
implementation that specifies a target user as with S31
illustrated in FIG. 10.

At S52, when the communicator 31 of the cloud server 3
receives the leave request, the communicator 31 outputs the
leave request to the connection mode switcher 33. Upon
receiving the leave request, the connection mode switcher
33 executes a connection mode switching process. In the
connection mode switching process at S52, the connection
mode switcher 33 refers to the priority management DB 35,
and 1dentifies, as a master, the telepresence robot B that 1s
the telepresence robot with the highest priority between the
telepresence robots B and C related to the leave request. The
remaining telepresence robot C becomes a slave. The con-
nection mode switcher 33 transmits a connection request for
establishing a communication connection with the telepres-
ence robot B to the telepresence robot C via the communi-
cator 31. Upon receiving the connection request, the telep-
resence robot C establishes a communication connection
with the telepresence robot B. A sub-network SN3 i1s thus
tormed with the telepresence robot B as a master and the
telepresence robot C as a slave. It may be noted that when
the telepresence robots B and C leave the basic network BN,
this results 1n a sub-network SN1 being formed in which the
telepresence robot A 1s as a master and the telepresence
robots D and E are slaves.

Then, the connection mode switcher 33 registers the robot
IDs of the telepresence robots A and B into the “Master”
field 1n the connection state management DB 34. Further, the
connection mode switcher 33 registers the robot ID of the
telepresence robot D 1nto the “Slave” field in the connection
state management DB 34 1n association with the robot ID of
the telepresence robot A, and registers the robot ID of the
telepresence robot C into the “Slave™ field 1n association
with the robot ID of the telepresence robot B. As a result, the
fact that the basic network BN has been separated into the
sub-network SN1 used for private communication between
the telepresence robots A and B, and the sub-network SN3
used for private communication between the telepresence
robots C and D, 1s reflected on the connection state man-
agement DB 34.

At S53, the connection mode switcher 33 transmits, to the
telepresence robot B via the communicator 31, a master right
assignment notification that notifies that the master right has
been assigned to the telepresence robot B.

At S54, the connection mode switcher 33 transmits, to
cach of the telepresence robots B and C via the communi-
cator 31, a connection switch result notification to notity that
the sub-network SN3 for performing private communication
between the telepresence robot B and the telepresence robot
C has been formed.

At S55, the connection mode switcher 33 transmits, to
cach of the telepresence robots A and D via the communi-
cator 31, a connection switch result notification to notify that
the telepresence robots B and C have left the basic network.

At S56, when the mnstruction acquirer 16 of the telepres-
ence robot B receives an mput of an instruction indicating a
private communication end request from the user UB, the
instruction acquirer 16 associates the private communication
end request with the robot ID “B” of the telepresence robot
B, and transmits the request and the robot ID to the cloud
server 3 via the communicator 17. At this time, an instruc-
tion indicating a private communication request may be
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input by the user UB by, for example, pressing a private
communication end request button displayed on the touch
panel 15.

At S57, when the communicator 31 of the cloud server 3
receives the private communication end request, the con-
nection mode switcher 33 executes a connection mode
switching process. In the connection mode switching pro-
cess at S57, the connection mode switcher 33 refers to the
priority management DB 34, and identifies the telepresence
robot B and the telepresence robot C, which are respectively
a master and a slave on the sub-network SN3. The connec-
tion mode switcher 33 then disconnects the telepresence
robots B and C from the sub-network SN3. The connection
mode switcher 33 transmits a connection request for estab-
lishing a communication connection with the telepresence
robot A to each of the telepresence robots B and C via the
communicator 31. Upon recerving the connection request,
cach of the telepresence robots B and C establishes a
communication connection with the telepresence robot A.
As a result, the basic network BN 1s formed again with the
telepresence robot A as a master and the telepresence robots
B to D as slaves.

Then, the connection mode switcher 33 registers the robot
ID of the telepresence robot A into the “Master” field in the
connection state management DB 34, and registers the
respective robot IDs of the telepresence robots B, C, and D
into the “Slave” field. As a result, the fact that the sub-
networks SN1 and SN3 have been returned to the basic
network BN 1s reflected on the connection state management
DB 34.

At S58, the connection mode switcher 33 transmits, to the
telepresence robot B via the communicator 31, a master right
termination noftification to notify that the master right has
terminated.

At S59, the connection mode switcher 33 transmits, to
cach of the telepresence robots A, B, C, and D wvia the
communicator 31, a connection switch result notification to
notify that the communication connection has returned to the
basic network BN.

As described above, with the communication system
according to Embodiment 2, if a leave request for perform-
ing private communication between the telepresence robot B

and the telepresence robot C, which are slaves, 1s acquired
in a state in which the basic network BN 1s formed, the
telepresence robots B and C are disconnected from the basic
network BN, and the sub-network SN3 i1s formed. As a
result, the users of the telepresence robots B and C related
to the leave request are able to converse through private
communication, without their conversation being heard by a
third party.

Although there are two telepresence robots 1 related to a
leave request 1n the example illustrated 1n FI1G. 12, this 1s
only illustrative of one example. There may be three or more
telepresence robots related to a leave request. In this case,
the user who 1nputs the leave request may simply specily
two or more telepresence robots 1 as connection targets.

Embodiment 3

A communication system according to Embodiment 3
represents a communication system that, while a basic
network 1s formed, switches which telepresence robot 1
serves as a master and which telepresence robot 1 serves as
a slave, based on a master right request input by the user of
a given telepresence robot 1 designated as a slave. In
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Embodiment 3, components identical to those of Embodi-
ment 1 will be denoted by the same reference symbols to
avoid repetitive description.

FIG. 13 1llustrates an overview of a process performed by
a communication system according to Embodiment 3 of the
present disclosure. In the left diagram of FIG. 13, a basic
network BN 1s formed with the telepresence robot A as a
master and the telepresence robots B to E as slaves. It 1s
assumed that, in this state, among the slave telepresence
robots B to E, for example, the telepresence robot C trans-
mits a master right request that requests transier of the
master right, and the user UA of the master telepresence
robot A approves the master right request. In this case, the
connection mode switcher 33 forms a basic network BN as
illustrated in the night diagram of FIG. 13 with the telep-
resence robot C switched to a master and the telepresence
robot A switched to a slave.

FIG. 14 1s a sequence diagram illustrating an exemplary
process performed by the communication system according,
to Embodiment 3 of the present disclosure. The following
description assumes that a basic network BN with the
telepresence robot A designated as a master and the telep-
resence robots B to D designated as slaves 1s formed prior
to mitiating the process illustrated 1n FIG. 14.

At S871, when the mstruction acquirer 16 of the telepres-
ence robot C receives an input of an instruction indicating a
master right request from the user UC, the instruction
acquirer 16 associates the master right request with the robot
ID “C” of the telepresence robot C, and transmits the request
and the robot ID to the cloud server 3 via the communicator
17. At this time, an instruction indicating a master right
request may be mput by the user UC by, for example,
pressing a master right request button displayed on the touch
panel 15.

At S72, when the communicator 31 of the cloud server 3
receives the master right request from the telepresence robot
C, the communicator 31 outputs the received request to the
connection mode switcher 33. Upon receiving the master
right request, the connection mode switcher 33 executes a
right-transier confirmation process. In the right-transier con-
firmation process, the connection mode switcher 33 trans-
mits, to the telepresence robot A via the communicator 31,
a master-right-transier approval request to confirm with the
user UA whether the user UA grants the master right transier
(S73).

At S74, when the mstruction acquirer 16 of the telepres-
ence robot A recerves, from the user UA as a response to the
master-right-transfer approval request, an instruction indi-
cating a transfer approval that approves master right transier,
the 1nstruction acquirer 16 transmits the transfer approval to
the cloud server 3. At this time, an 1nstruction indicating a
ransfer approval may be input by the user UA by, for
example, pressing a transier approval button displayed on
the touch panel 15.

At S75, when the communicator 31 of the cloud server 3
receives the transter approval from the telepresence robot A
as a response to the master-right-transier approval request,
the communicator 31 outputs the transfer approval to the
connection mode switcher 33. Upon receiving the transfer
approval, the connection mode switcher 33 executes a
connection mode switching process. In the connection mode
switching process at S75, the connection mode switcher 33
disconnects the telepresence robots A to D from the basic
network BN. The connection mode switcher 33 designates
the telepresence robot C as a master, and designates the
telepresence robots A, B, and D as slaves. The connection
mode switcher 33 transmits a connection request for estab-
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lishing a communication connection with the telepresence
robot C to each of the telepresence robots A, B, and D via

the communicator 31. Upon receiving the connection
request, each of the telepresence robots A, B, and D estab-
lishes a communication connection with the telepresence
robot C. As a result, a basic network BN 1s formed with the
telepresence robot C as a master and the telepresence robots
A, B, and D as slaves. The connection mode switcher 33
rewrites the robot ID of the telepresence robot A registered
in the “Master” field of the connection state management
DB 34 to the robot ID of the telepresence robot C, and
rewrites the robot ID of the telepresence robot C registered
in the “Slave™ field to the robot ID of the telepresence robot
A.

At S76, the connection mode switcher 33 transmits a
master right assignment notification to the telepresence
robot C via the communicator 31. Further, the connection
mode switcher 33 transmits, to the telepresence robot A via
the communicator 31, a master right termination notification
to notily that the master right has terminated.

At S77, the connection mode switcher 33 transmits, to
cach of the telepresence robots A and D via the communi-
cator 31, a connection switch result notification to notify that
the telepresence robot C has become the master.

As described above, with the communication system
according to Embodiment 3, for example, the user UC of the
telepresence robot C, which 1s a slave on the basic network
BN, transmits a master right request, and 11 the master right
request 1s approved by the user UA of the telepresence robot
A, which 1s a master, the telepresence robot C 1s switched to
the master, and the telepresence robot A 1s switched to the
slave. A basic network BN is thus formed with the telep-
resence robot C as a master and the telepresence robots A,
B, and D as slaves. Consequently, 11 a situation arises 1n
which the user of a slave telepresence robot 1s to converse
with other users with this user acting as the center, the
network can be changed tlexibly to adapt to such a situation.

If, at S74 1n FIG. 14, the mstruction acquirer 16 of the
telepresence robot A receives an 1nput of a reject instruction
to reject master right transier from the user UA as a response
to the master-right-transier approval request, the instruction
acquirer 16 transmits the reject instruction to the cloud
server 3 via the communicator 17. Then, when the commu-
nicator 31 of the cloud server 3 receives the reject instruction
from the telepresence robot A as a response to the master-
right-transfer approval request, the communicator 31 out-
puts the recerved reject mstruction to the connection mode
switcher 33. Upon receiving the reject instruction, the con-
nection mode switcher 33 may transmuit, to the telepresence
robot C that has transmitted the master right request, a reject
notification to notify that master right transifer has been
rejected, and maintain the current connection mode.

Embodiment 4

A communication system according to Embodiment 4
represents a communication system that, while a basic
network 1s formed, causes the master right of the master
telepresence robot A to be transferred to another slave
telepresence robot 1 upon 1nstruction from the user UA of
the telepresence robot A.

FIG. 15 1llustrates an overview of a process performed by
a communication system according to Embodiment 4 of the
present disclosure. In the left diagram of FIG. 15, a basic
network BN 1s formed with the telepresence robot A as a
master and the telepresence robots B to E as slaves. It 1s
assumed that 1n this state, the telepresence robot A, which 1s
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a master, transmits a master right transifer request that
requests transfer of 1ts master right with the telepresence
robot C specified as a transfer target, and the user UC of the
telepresence robot C approves the master right transier
request. In this case, the connection mode switcher 33 forms
a basic network BN as 1llustrated in the nght diagram of
FIG. 15 with the telepresence robot C switched to a master
and the telepresence robot A switched to a slave.

FIG. 16 1s a sequence diagram illustrating an exemplary
process performed by the communication system according,
to Embodiment 4 of the present disclosure. The following,
description assumes that a basic network BN with the
telepresence robot A designated as a master and the telep-
resence robots B to D designated as slaves 1s formed prior
to mitiating the process illustrated 1n FIG. 16.

At S91, when the 1nstruction acquirer 16 of the telepres-
ence robot A receives, from the user UA, an instruction
indicating a master right transier request with the telepres-
ence robot C specified as a transier target, the instruction
acquirer 16 associates the master right transfer request with
the robot ID “A” of the telepresence robot A and with the
robot ID “C” of the transfer target, and transmits the request
and the robots IDs to the cloud server 3 via the communi-
cator 17. Although the above description 1s directed to an
implementation that specifies the telepresence robot 1 to
which to transfer the master right, 1t 1s also possible to
employ an implementation that specifies a target user as with
S31 illustrated 1n FIG. 10.

At S92, when the communicator 31 of the cloud server 3
receives the master right transier request, the communicator
31 outputs the master right transier request to the connection
mode switcher 33. Upon recerving the master right transier
request, the connection mode switcher 33 executes a right-
acceptance confirmation process. In the right-acceptance
confirmation process, the connection mode switcher 33
transmits, to the telepresence robot C, a master-right-accep-
tance approval request that confirms with the user UC
whether the user UC accepts the master right transier (893).

At 594, when the mnstruction acquirer 16 of the telepres-
ence robot C receives, from the user UC as a response to the
master-right-acceptance approval request, an instruction
indicating an acceptance approval that approves the accep-
tance of the master night transfer request, the instruction
acquirer 16 transfers the acceptance approval to the cloud
server 3 via the communicator 17. At this time, an 1nstruc-
tion 1ndicating an acceptance approval may be iput by the
user UC by, for example, pressing an acceptance approval
button displayed on the touch panel 15.

The steps from S935 to S97 are the same as S735 to 877
illustrated 1n FIG. 14, and thus will not be described.

As described above, with the communication system
according to Embodiment 4, the user UA 1s able to transfer
the master right to another user 1t the user UA so desires,
thus allowing the network to be changed flexibly to adapt to
the needs of the user UA.

If, at S94 1 FIG. 16, the instruction acquirer 16 of the
telepresence robot C recerves, from the user UC, an mput of
a reject instruction to reject master right transifer as a
response to the master-right-acceptance approval request,
the 1nstruction acquirer 16 transmits the reject mnstruction to
the cloud server 3 via the communicator 17. When the
communicator 31 of the cloud server 3 receives the reject
instruction from the telepresence robot C as a response to the
master-right-acceptance approval request, the communica-
tor 31 outputs the reject request to the connection mode
switcher 33. In this case, the connection mode switcher 33
may, upon receiving the reject mstruction, transmit a reject
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notification to the telepresence robot A to notify that master
right transier has been rejected, and maintain the current
connection mode.

Embodiments 1 to 4 may be modified as follows.

(1) Embodiments 1 to 4 may be combined.

(2) Although Embodiments 1 to 4 use the telepresence
robot 1 as an example of a terminal corresponding to a
master terminal and as an example of a terminal correspond-
ing to a slave terminal, the present disclosure 1s not limited
to this particular arrangement. As such terminals, mobile
terminals such as smartphones or tablets, or terminals such
as desktop computers may be used.

The communication system according to the present dis-
closure enables a network to be configured such that i1 a
conversation 1s 1nitiated between specific users on a one-to-
many connection network, only the users who have initiated
the conversation are able to converse with each other. This
makes 1t possible to provide a communication system that 1s
useiul when applied to oflice environments where telepres-
ence robots are present.

What 1s claimed 1s:

1. A communication control method of a communication
controller that controls communication between one master
terminal and n (n 1s an integer not less than 2) slave terminals
communicatively connected to the master terminal by a
basic network representing a one-to-many connection, the
communication control method comprising:

detecting whether the master terminal, and m (m 1s an

integer not less than 1 and not more than n-1) slave
terminals among the n slave terminals are 1n a conver-
sation state; and
in response to detecting that the master terminal and the
m slave terminals are i1n the conversation state, discon-
necting the master terminal and the m slave terminals
from the basic network, and forming a first sub-net-
work, the first sub-network including the master termi-
nal as a master and each of the m slave terminals as a
slave.
2. The communication control method according to claim
1,
wherein the communication controller includes a priority
management database to manage a priority determined
in advance for each of the n slave terminals, and

wherein the communication control method further com-
prises, 1 a number of (n-m) slave terminals correspond-
ing to a number of slave terminals not 1n the conver-
sation state with the master terminal 1s two or more,
disconnecting the (n-m) slave terminals from the basic
network, and forming a second sub-network with a first
slave terminal as a master and a second slave terminal
as a slave, the first slave terminal being a slave terminal
of which the priority 1s highest among the (n-m) slave
terminals, the second slave terminal corresponding to
cach of remaining (n-m-1) slave terminals.

3. The communication control method according to claim
1, further comprising, 1n response to detecting an end of the
conversation state between the master terminal and the m
slave terminals, disconnecting the master terminal and the m
slave terminals from the first sub-network, and forming the
basic network that includes the master terminal as a master
and each of the n slave terminals as a slave again.

4. The communication control method according to claim
2, further comprising, 1n response to detecting an end of the
conversation state between the master terminal and the m
slave terminals:

disconnecting the master terminal and the m slave termi-

nals from the first sub-network, and disconnecting the




US 10,320,900 B2

29

first slave terminal and the (n-m-1) second slave ter-
minals from the second sub-network; and

forming the basic network again, the basic network
including the master terminal as a master and each of
the m slave terminals, the first slave terminal, and the
(n-m-1) second slave terminals as a slave.

5. The communication control method according to claim
1,
wherein the communication controller includes a priority
management database to manage a priority determined
in advance for each of at least the n slave terminals, and
wherein the communication control method further com-
prises, 1n response to acquiring, while the master ter-
minal and the n slave terminals are commumnicatively
connected by the basic network, a leave request that
requests a leave from the basic network to perform
private commumnication between k (k 1s an integer not
less than 2 and not more than n) slave terminals among
the n slave terminals, disconnecting the k slave termi-
nals from the basic network, and forming a third
sub-network that includes a master and a slave, the
master being a slave terminal of which the priority 1s
highest among the k slave terminals, the slave being
cach remaining slave terminal.
6. The communication control method according to claim
5, further comprising, in response to detecting an end of a
conversation state between the k slave terminals, discon-
necting the k slave terminals from the third sub-network, and
connecting each of the k slave terminals to the master
terminal on the basic network again as a slave.
7. The communication control method according to claim
1, further comprising, while the master terminal and the n
slave terminals are communicatively connected by the basic
network;
receiving a master right request from one slave terminal
among the n slave terminals, the master right request
being made by the one slave terminal to request master
right transfer;
transmitting a master-right-transfer approval request to
the master terminal, the master-right-transier approval
request being a request to confirm with the master
terminal whether the master terminal approves master
right transfer; and
in response to recerving, from the master terminal as a
response to the master-right-transier approval request,
a transier approval that approves the master right
request, switching the approved slave terminal to a
master and switching the master terminal to a slave.
8. The communication control method according to claim
1, further comprising, while the master terminal and the n
slave terminals are communicatively connected by the basic
network;
receiving a master right transier request from the master
terminal, the master right transfer request being a
request made by the master terminal to request master
right transfer to one slave terminal among the n slave
terminals;
transmitting a master-right-acceptance approval request
to the one slave terminal, the master-right-acceptance
approval request being a request to confirm with the
one slave terminal whether the one slave terminal
accepts the master right transfer; and
in response to recerving, from the one slave terminal as a
response to the master-right-acceptance approval
request, an acceptance approval to accept the master
right transfer request, switching the one slave terminal
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that has transmitted the acceptance approval to a master
and switching the master terminal to a slave.

9. The communication control method according to claim
2, further comprising, 1n response to detecting that the first
slave terminal, and j (3 1s an 1nteger not less than 1 and not
more than (n-m-2)) second slave terminals among the (n-m-
1) second slave terminals are in a conversation state on the
second sub-network, disconnecting the first slave terminal
and the 7 second slave terminals from the second sub-
network, and forming a fourth sub-network, the fourth
sub-network including the first slave terminal as a master
and each of the 1 second slave terminals as a slave.

10. The communication control method according to
claim 8, further comprising, if a number of (n-m-1-7) second
slave terminals corresponding to a number of second slave
terminals that are not in the conversation state 1s two or
more, disconnecting the (n-m-1-1) second slave terminals
from the second sub-network, and forming a fifth sub-
network that includes a master and a slave, the master being
a second slave terminal of which the priority 1s highest
among the (n-m-1-7) second slave terminals, the slave being
cach of remaining (n-m-2-1) second slave terminals.

11. The communication control method according to
claim 1,

wherein the master terminal and the n slave terminals

cach comprise a telepresence robot used to deliver a
message ol a communication source user to a commus-
nication target user, and

wherein the telepresence robot includes

a communicator that transmits the message,

an autonomous mover that causes the telepresence
robot to move autonomously, and

a presenter that presents the message of the communi-
cation source user to the communication target user.

12. A communication controller that controls communi-
cation between one master terminal and n (n 1s an integer not
less than 2) slave terminals, the n slave terminals being
communicatively connected to the master terminal by a
basic network representing a one-to-many connection, the
communication controller comprising:

a communicator that communicates with the master ter-

minal and the n slave terminals; and

a connection mode switcher that detects whether the

master terminal, and m (m 1s an integer not less than 1
and not more than n-1) slave terminals among the n
slave terminals are 1n a conversation state, and 1f the
master terminal and the m slave terminals are detected
to be 1n the conversation state, disconnects the master
terminal and the m slave terminals from the basic
network, and forms a first sub-network, the first sub-
network including the master terminal as a master and
cach of the m slave terminals as a slave.

13. A telepresence robot comprising:

a communicator that communicates with the communi-

cation controller according to claim 12;

an autonomous mover that causes the telepresence robot

to move autonomously; and

a presenter that presents a message.

14. A non-transitory computer-readable recording
medium storing a program, the program causing a computer
to execute a process, the process comprising:

detecting whether one master terminal, and m (m 1s an

integer not less than 1 and not more than n-1) slave
terminals among n (n 1s an integer not less than 2) slave
terminals are 1n a conversation state, the n slave ter-
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minals being communicatively connected to the master
terminal by a basic network representing a one-to-many
connection; and

in response to detecting that the master terminal and the
m slave terminals are 1n the conversation state, discon- 5
necting the master terminal and the m slave terminals
from the basic network, and forming a first sub-net-
work, the first sub-network including the master termi-
nal as a master and each of the m slave terminals as a

slave. 10
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